. Effect of various compounds upon the hydrolysis of glutaryl-Gly-Gly-Phe-7-amido-Mec ( I ) and Cbz-Gly-Gly-ArgNap (11) All compounds except the last three were preincubated for l5min at room temperature (20-22OC) before the substrate was added. Di-isopropyl fluorophosphate was dissolved in propan-2-01; a small (22%) inhibition by this solvent alone was corrected for.
Relative activity
Compound added None Leupeptin 5pg/ml 50pglml 250pg/ml Antipain (500pg/ml) Chymostatin (165pg/ml) Bestatin ( 3 3~~) Soya-bean trypsin inhibitor (330pg/ml) p-Hydroxymercuriphenylsulphonic acid ( 1 0 ,~~) Di-isopropyl fluorophosphate ( An unexpected mutual synergistic effect between the two activities was observed. The hydrolysis of I was increased by 95% when I1 was also present (measured at pH7.8). (It was possible to measure hydrolysis of I in the presence of 11, since neither Cbz-Gly-Gly-Arg-Nap nor free 2-naphthylamine (its hydrolysis product) fluoresced appreciably at the wavelengths (excitation 380nm, emission 440nm) used for the measurement of liberated 7-amino-Mec.) Conversely, the hydrolysis of Cbz-Gly-Gly-Arg-7-amido-Mec was enhanced (59% in a typical experiment) when glutaryl-Gly-Gly-Phe-Nap was present (also measured at pH 7.8).
Further studies are required to establish whether the two activities are due to separate enzyme proteins. A more likely possibility would seem to be that there is a single protein and that the two activities are associated with different conformational states. Possibly Ca2+, which has opposite effects on the two activities, causes a conformational change.
A neutral endopeptidase of high molecular weight from bovine pituitaries has fairly recently been described (Wilk & Orlowski, 1980 ). It appears to show some similarities to the muscle enzyme. Mammals exhibit histidine ammonia-lyase (EC 4.3.1.3) activity in virtually only two tissues, the liver and the epidermis. Baden & Gavioli (1974) suggested that the enzymes of rat liver and epidermis had sufficiently different kinetic parameters to be designated as isoenzymes. On the other hand Feigelson et al. (1976) were unable to show any differences in kinetics between highly purified hepatic enzyme and partially purified epidermal enzyme. Furthermore, antibodies raised against the pure hepatic enzyme showed apparently complete identity against the epidermal enzyme.
We present here evidence that, in the guinea pig, the pure hepatic and epidermal enzymes exhibit significant differences in kinetics, resistance to heat, inhibition by EDTA and stimulation by low concentrations of thiols. On the basis of immunoprecipitation and immunodiffusion studies the epidermal and hepatic enzymes appear to be only partially identical.
The epidermal and hepatic enzymes were purified to apparent homogeneity by the procedure of Brand & Harper (1976) , with minor modifications to optimize the purification and yield of each enzyme. The final specific activity of each enzyme was constant and could not be increased. Both purified enzymes gave single protein bands with the same relative mobility in non-denaturing conditions on polyacrylamide-gel electrophoresis. On gels run in the presence of sodium dodecyl sulphate both gave a single protein band, with a molecular weight of approx. 70000. Gel-permeation chromatography suggested that both enzymes have the same molecular weight, approx. 220000, compared with known standard protein markers. It seems probable therefore that both enzymes consist of three identical subunits.
Kinetic studies on the two purified enzymes have shown several differences between them. These were comparatively minor at pH 9.2, the optimum pH for histidine ammonia-lyase, but were greatly exaggerated at physiological pH.
At pH 9.2 the Michaelis constant (K,) for the hepatic and epidermal enzymes were slightly, but significantly, different (0.55 k 0.05 and 0.36 & 0.05 mM respectively), whereas at pH 7.0 the K,,, for the epidermal enzyme remained the same but that for the hepatic enzyme almost doubled, to 1 .OO ? 0.03 mM. Both enzymes had increased activity in the presence of low concentrations (<5 mM) of reduced glutathione. At pH 9.2 this stimulation was small and not significantly different for the two enzymes, but at pH 7.4 the stimulation was substantially increased and the hepatic enzyme was stimulated to a much greater extent than was the epidermal enzyme.
Both hepatic and epidermal enzymes were inhibited by high concentrations of dithiothreitol (20 mM) and EDTA (0.04 mM), but the hepatic enzyme was much more sensitive to both inhibitors. The activity of both enzymes could be restored by incubation with Zn2+ ions.
Oxidation of either enzyme with 5,5'-dithiobis-(2-nitrobenzoic acid) resulted in a 75% decrease in enzymic activity. Neither enzyme was then responsive to inhibition by EDTA, but their activity could be restored by incubation with thiols.
Antibodies were raised in rabbits against both purified hepatic and epidermal enzymes. Antibody harvested after a 5-week course of injections suggested that the two enzymes were immunologically identical on immunodiffusion plates and in immunoelectrophoresis. However, antibody harvested after 10 weeks suggested only partial identity between the two.
Using antibody labelled with fluorescein isothiocyanate we have been able to show that all the histidine ammonia-lyase in the epidermis is located in the cells of the stratum granulosum and lower stratum corneum.
On the basis of the significant differences in kinetics between the epidermal and hepatic enzymes and of the lack of total immunological identity between the two, we feel justified in Histidine ammonia-lyase (EC 4.3.1.3) performs the non-oxidative deamination of L-histidine to urocanic acid. The enzyme has previously been reported to be present in the liver and muscle of mackerel (Sakaguchi et al., 1970) and in the liver of rainbow trout, Salmo gairdnerii Richardson (Fowler et al., 1979) . We report here the presence of this enzyme in the kidney of rainbow trout, its purification and some of its kinetic properties.
The enzyme was purified by a modification of the procedure of Brand & Harper (1976) and was similar to that reported by Fowler et al, (1979) .
Kidneys from freshly killed fish of 30-35cm length were homogenized in 4vol of 0.25 M-sucrose at 4OC. The homogenate was centrifuged for 60min at 40OOOg, and the resulting supernatant was removed and heated for 2min at 65OC in thin-walled glass tubes before being quickly cooled in ice. The heavy precipitate was removed by centrifugation at 25 OOOg for 20min, and the supernatant was adjusted to 37.5% saturation with saturated (NH,),SO, solution at 4OC. After centrifugation the precipitate was discarded and the resulting supernatant was adjusted to 52.5% saturation with (NH,),SO, solution. The resulting precipitate, which contained most of the histidine ammonia-lyase activity, was harvested by centrifugation at 25000g for 20min. This was then dissolved in a small volume of 0.1 ~-Tris/HCl buffer, pH8.0, and was applied to a DEAESephadex column (40cm x 3.2cm). Enzyme was eluted from the column at 4°C in 0.1 M-Tris/HCl buffer, pH8.0, containing 0.175 M-NaCl.
The enzyme obtained from this procedure was almost homogeneous, but the yield was poor. This preparation was therefore used to raise antibodies to the enzyme in rabbits, and the resulting antibody was bound to Sepharose 4B. This was then used in place of the DEAE-Sephadex stage in the purification procedure and resulted in a much higher yield of histidine ammonia-lyase, with no decrease in purity. On polyacrylamide-gel electrophoresis the preparation was shown to contain four proteins. One major component was shown to have histidine ammonia-lyase activity, and the other three trace components had no activity. The major component could be eluted from gels, but in low yield.
The enzyme was shown to have a pH optimum at pH9.2, in common with most other histidine ammonia-lyases, but the Michaelis constant (K,) was shown to vary with pH in an unusual manner, as shown in Fig. 1 . The K, increases exponentially between pH8.5 and 10. In comparison, the K, of rat liver histidine ammonia-lyase decreases with increasing pH (Brand & Harper, 1976) . K, at pH9.0 for the trout kidney enzyme was 0.2 mM.
The effects of various substrate analogues on the activity of the kidney enzyme were examined at pH 9.2. D-a-Hydrazinohistidine, L-histidine hydroxamate, Dhistidine and glycine were Enzyme activity was assayed at 24OC by a modification of the method of Tabor & Mehler (1955) . The reaction mixture (0.25 ml) contained 5 mM-reduced glutathione, L-histidine, either 100mM-Tris/HCl or 100mM-boric acid/NaOH as buffer and 0.05 ml of purified enzyme.
all potent competitive inhibitors at both 24 and 37OC. Imidazol-3-ylpyruvate was a potent uncompetitive inhibitor, but L-histidinol was almost ineffective. These results contrast sharply with those for rat liver enzyme (Brand & Harper, 1976) , where L-histidinol is a strong inhibitor and imidazolylpyruvate has little inhibitory effect.
The variation of K, and VmU, with temperature was studied.
A significant discontinuity was observed in the Van't Hoff plot with a transition temperature of 18.3OC, but no discontinuity was observed in the Arrhenius plot. The trout enzyme thus appears to differ in this respect from the Pseudomonas enzyme, which has discontinuities in both Van't Hoff and Arrhenius plots (McClard & Kolenbrander, 1973) .
